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ABSTRACT 

Mayors around the world have set goals for their cities toward the Vision Zero movement to reduce traffic 

fatalities to zero, but many cities lack the tools and practices to make meaningful progress toward those goals. This 

paper develops a new model for assessing the safety of cyclists using cycling infrastructure in the city of 

Washington, DC. When developing plans to improve their transportation networks, U.S. cities are recognizing 

diversification in the modes used to navigate the urban environment and increased desire for sustainable 

alternatives to private vehicles. Using data from the District Department of Transportation on cycling accidents, 

proposed plans for implementation, and first-hand examination of sites, this paper develops a new risk analysis 

model and uses it to analyze the current design of the city’s cycling infrastructure and develop recommendations 

for improvements needed to increase cyclist safety. This paper discusses the current state of bicycling 

infrastructure in Washington and established methods of bicycle level of service (BLOS) analysis used to assess 

infrastructure and finds that 1.) defaulting to guidebook recommendations can result in less than desirable 

designs, 2.) maintenance of bike lanes must be improved, 3.) a key missing factor to optimum safety of established 

lanes is enforcement, and 4.) current models for bicycle level of service do not provide enough detail on safety. 

This paper argues that inadequate attention is paid to the needs of cyclists by drivers and city governments, safety 

is a fundamental component of true bicycle level of service analyses,  designs for bike lanes should not default to 

guidebook recommendations, and a simple model of intersection risk analysis for cyclists can aid in the 

identification of infrastructure issues. 
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RESEARCH QUESTIONS 

a. How is bike lane infrastructure designed and incorporated into the urban environment?  
 

b. Are the intersections on bike lanes in Washington, DC designed to provide an adequate level of 
safety and what causes inadequate safety experiences: the built environment, behavioral factors, 
or something else? 

 
c. Do currently accepted methods of bike lane analysis result in accurate risk ratings for 

intersections and provide sufficient insight on methods to improve them? 
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INTRODUCTION 

 

“Pick a crisis, and you’ll probably find cycling is a solution.”  

Chris Boardman - former Olympian cyclist and the walking and cycling Commissioner of Manchester, U.K. 

 

The use of multi-modal transportation in United States urban areas has been increasing in the 21st 

Century.1 In response, many cities have worked to adopt Complete Streets policies to increase access and safety 

for these alternative modes in their built environments. The components of a Complete Street include traffic and 

speed control, road diets, the accommodation of micromobility in a safe way, and pedestrian, bicycle, and transit 

treatments.2 This paper focuses on one of the principal modes behind Complete Streets policies -- the safety of 

dedicated bicycle infrastructure. Cycling has seen increasing popularity in Washington, DC.3 In a dense urban 

environment, there are many different improvements that can be made to encourage cycling, including: bike lanes, 

protected cycle tracks, separated signaling, and adjustment of on-street parking and speed limits, among others.  

According to the American Community Survey, 4.6% of Washington, DC commuters travel to work on a 

bicycle.4 In the United States and abroad, transportation efficiency has for many years led to a focus on how well 

streets move vehicles, leaving out the needs of other modes of transportation and other uses of the public realm.5 

Increasing cycling mode share can be part of an integrated approach to reducing the number of people that rely on 

 

1 Yao, “The Shift Towards Multimodal Transportation & The Future of Mobility”; Riggs, “Transportation Trends for 
2020 (And What Cities Can Do About Them)”; US Census Bureau, “Biking to Work Increases 60 Percent Over Last 
Decade.” 

2 “National Complete Streets Coalition.” 

3 LDA Consulting, “State of the Commute Survey Report 2019.” 

4 U.S. Census Bureau, “American FactFinder - Commute Mode 5-Year Estimates.” 

5 Baeillier et al., “The Shared-Use City: Managing the Curb,” 10; McCann, Completing Our Streets, 11. 
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private cars for transportation. It should be noted that in areas with greater proportions of travel conducted by 

bicycle, drivers are more respectful of the cyclists’ needs.6  

This paper initially identifies cycling infrastructure throughout Washington, DC, through classification of 

the different types of infrastructure as provided below. In addition, the paper will assess the adequacy of the 

bicycle network as a whole and the safety of case bike lane intersections:  

1. Protected cycle tracks offer the most significant separation of cyclists from vehicular traffic in 
Washington, DC. This separation is most commonly comprised of a lane along the curb with several feet 
of painted chevrons or hash lines with flex-posts or low barriers to provide a buffer zone on the opposite 
side followed by vehicle parking. These tracks form the backbone of Washington’s cycling network and 
allow even novice riders to feel at ease.  

2. Bike lanes are the most common form of cycling infrastructure in Washington.7 They consist of two solid 
white lines in between the outside traffic lane and the parking lane.  
 

3. Sharrows are the least protected style of cycling infrastructure. A sharrow is a symbol of a bicycle with an 
arrow that indicates drivers and cyclists must share the lane and be alert for one another to avoid an 
incident.  
 

This paper adds to the expanding collection of literature arguing that modern urban planning requires 

rethinking the way people travel around the urban environment and how planners assess current infrastructure to 

support these changes. Focus needs to be re-centered on the individual user to ensure our dense city centers are 

pleasant and safe for all types of cyclists. This will add to the vibrancy of downtowns and interaction of citizens 

required for a sustainable urban community and continued development. Urban planners must be at the forefront 

of this work, to ensure that previous mistakes during the era of suburbanization are not repeated, and the social 

mobility and accessibility of urban areas can be maintained and improved. The aim of this paper is supporting the 

expansion of infrastructure that serves two functions, actual safety and perceived safety, and to do so with a novel 

analysis method that can be conducted by any interested parties.  

 

 
6 Dales et al., “International Cycling Infrastructure Best Practice Guide.” 

7 “Bicycle Maps | Ddot.” 
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LITERATURE REVIEW 

GENERAL OBSERVATIONS FROM THE LITERATURE 

Bike lanes are a well-studied part of urban infrastructure; however, there is much less scholarship on 

lanes in North America, especially studies on protected cycle tracks.8 A study by the National Transit Research 

Center found that in most of the studied cases increasing Complete Streets policies and multi-modal access, even 

at the expense of parking spaces for private vehicles, resulted in increased economic performance from businesses 

along that corridor.9  As an additional benefit, Sarah Moreland-Russell et al found in a separate study noticeable 

increases in physical activity for communities where Complete Streets policies are adopted.10 Despite these 

findings, implementing Complete Streets policies is not easy; Matthew Roe and Craig Toocheck found in a 2017 

study that repurposing parking spaces for transit priority supports mobility, but takes significant work and trust to 

ensure neighborhood residents and businesses are not in opposition.11  

ACCIDENTS & COLLISIONS 

 Studies, like one conducted by Srinivas Pulugurtha and Vidya Thakur, have shown that bicyclists are “three 

to four more times at higher risk” of collisions when there is no dedicated bike lane compared to street segments 

with dedicated space for bicyclists.12 These are compelling numbers for the importance of dedicating space to 

protect those choosing or needing to travel via bicycle. The study also found a statistically significant reduction in 

cycling accidents with increasing width of bike lanes.13  These improvements are proven to increase the safety of 

cyclists; nevertheless, the importance of considering the environment in which these improvements exist is also 

 
8 Cicchino et al., “Not All Protected Bike Lanes Are the Same,” 5. 

9 “Capturing the Benefits of Complete Streets – National Center for Transit Research.” 

10 Moreland-Russell et al., “Diffusion of Complete Streets Policies Across US Communities,” S89. 

11 Roe and Toocheck, “Curb Appeal,” 3. 

12 Pulugurtha and Thakur, “Evaluating the Effectiveness of On-Street Bicycle Lane and Assessing Risk to Bicyclists in 
Charlotte, North Carolina,” 34. 

13 Pulugurtha and Thakur, 34. 
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well noted. “Critically, however, many municipalities have made concessions for pedestrians and bicyclists—such 

as improved intersection crossings and bike lanes—without addressing key aspects of corridors that make travel 

dangerous for all roadway users.”14 Drivers in the United States are less courteous to cyclists than those in many 

other countries. Without improving the understanding vehicle drivers have of the cycling community and the 

dangers of aggressiveness or inattentiveness, especially in a dense urban environment, there will remain instances 

of tragic interactions between users of the two modes. In 2019, Allstate Insurance ranked Washington, DC second 

to last for best drivers out of America’s 200 largest cities based upon the number of years between accident claims 

and the number of hard braking events per mile.15 The District Department of Transportation also began a 

campaign “Get a Grip on Your Aggressive Driving in DC” in response to statistics that nearly one third of all 

accidents on the road involve aggressive driving.16  

INFRASTRUCTURE DESIGN 

Victor Dover makes the claim in his book, Street Design, that bicycle infrastructure in the United States 

lags behind that of other nations partially due to the feeling that it was added as an afterthought and in the way 

that least impacts the flow of vehicles.17 Carrie Nielson Modi and Ryan McClain note that many transportation 

infrastructure projects take years of planning, losing important design aspects through the process, so many cities 

work in an iterative, quick fix process.18 This idea is enticing at first, allowing quick and cheap improvements such 

as paint and plastic posts to be used to change the streetscape to result in faster improvements, but the cheap 

materials also result in quicker deterioration and a less definitive message to drivers that the space is no longer for 

their exclusive use. Couple this with the large environment that many city transportation departments manage, 

 
14 Macleod et al., “Latent Analysis of Complete Streets and Traffic Safety along an Urban Corridor,” 21. 

15 “America’s Best Drivers Report.” 

16 District Department of Transportation, “Aggressive Driving | Dmv.” 

17 Dover, Street Design, 217. 

18 Modi and McClain, “Building on Complete Streets Momentum,” 32. 
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and upkeep can fall behind, so the “interim” improvement can quickly be seen as having solved the immediate 

problem, allowing the department’s focus to shift elsewhere.  

THE CYCLING COMMUNITY 

 The number of people cycling to work has continued to increase in U.S. cities, with the Census Bureau 

reporting a 60% increase between the 2000 census and 2014, per the American Community Survey.19 The cycling 

community is roughly evenly split across income levels divided into quartiles, with the lowest quarter of earners 

cycling slightly more than the other three, respectively, and while the mode is still majority white, levels of 

minority cycling have been increasing year over year.20 The appropriate separation of dedicated space for cycling 

from vehicular traffic depends on the flow and speed of the road.21 Importantly, different levels of cycling 

infrastructure allow different types of cyclists to feel secure on the road. Figure 1 shows the breakdown of cyclist 

typology as found in a study of 2,000 cyclists. The study found that 36% prefer riding on separated bike lanes for 

enjoyment and convenience and they prefer direct routes, 24% are “dedicated cyclists” who will ride despite the 

weather and do not mind mixing with cars, 23% are “fair-weather cyclists” who ride when it is nice out and prefer 

bike lanes, and 17% are “leisure cyclists” who do not want to deal with traffic and ride because it is fun.22 

Protected cycle tracks provide an added sense of ease for new riders are a necessary component of any bike lane 

network.23 

 
19 US Census Bureau, “Biking to Work Increases 60 Percent Over Last Decade.” 

20 de Place, “Who Bikes?”; Pucher and Buehler, “Analysis of Bicycling Trends and Policies in Large North American 
Cities: Lessons for New York,” 5. 

21 Dales et al., “International Cycling Infrastructure Best Practice Guide.” 

22 Damant-Sirois, Grimsrud, and El-Geneidy, “What’s Your Type”; Maynard, “Who’s Out There On The Roads? The 4 
Types Of Cyclists.” 

23 Chaffin, “DC’s Bike Lane Plan Reflects Political Calculations and Exploitation.” 
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Figure 1: Chart of Cyclist Typology. Source: Damant-Sirois, Grimsrud, and El-Geneidy, “What’s Your Type.” 

PROFESSIONAL BEST PRACTICE REVIEW 

CYCLING INFRASTRUCTURE DESIGN 

 Bike lanes come in many forms and with different levels of safety infrastructure included. The National 

Association of City Transportation Officials (NACTO) maintains a useful guide for the proper and safe design of 

bicycle lanes depending on road type and usage. Another such guide is produced by The American Association of 

State Highway Transportation Officials (AASHTO). While these guides are becoming somewhat dated (AASHTO’s 

was released in 2012 and NACTO’s in 2014) they are widely used by transportation planning officials in designing 

the bike infrastructure they place on urban roadways.24 They are risk-reducing publications that allow planners to 

refer to established safety practices in transportation engineering for implementation when altering or executing 

 
24 National Association of City Transportation Officials, Urban Bikeway Design Guide, Second Edition; American 
Association of State Highway and Transportation Officials, Guide for the Development of Bicycle Facilities. 
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new plans and help to ease wayfinding and reduce confusion.25 The guides have also been credited with 

introducing standardized bike lanes to North America and the subsequent increase in cycling that has followed 

with implementation.26 They also disagree on some important points, which allows for discrepancies to occur in 

bike lane design and the possibility for unintended consequences due to the standardized nature of their 

recommendations.27   

BIKE LANE ANALYSIS 

Analysis of transportation systems in the United States has for years landed largely on the Level of Service 

analysis, or the capacity of the given system to serve its purpose.28  The National Cooperative Highway Research 

Program’s Report 616, head-authored by Richard Dowling and David Reinke, developed multiple Level of Service 

models for the analysis of users’ perceptions of their roads depending on their chosen mode.29 The goal of this 

report was to create models that could be deployed on roadways with multiple modes in operation to ensure that 

each mode is provided the best Level of Service possible, but not at the expense of the other modes. In short, its 

aim was to develop an assessment to “balance the level of service needs of auto drivers, transit riders, bike riders, 

and pedestrians” in the design of a street.30 Regarding bicycle lanes specifically, two Bicycle Level of Service (BLOS) 

models were developed, one for road segments and one for road intersections. As most cycling accidents occur at 

 
25 Higashide, “The Design Bible That Changed How Americans Bike in Cities.” 

26 Higashide. 

27 National Association of City Transportation Officials, Urban Bikeway Design Guide, Second Edition; American 
Association of State Highway and Transportation Officials, Guide for the Development of Bicycle Facilities. 

28 Baeillier et al., “The Shared-Use City: Managing the Curb,” 10; McCann, Completing Our Streets, 11; Dowling et 
al., “Multimodal Level of Service Analysis for Urban Streets,” 1. 

29 Dowling et al., “Multimodal Level of Service Analysis for Urban Streets.” 

30 Dowling et al., V. 
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intersections, this paper will focus primarily on the latter model. Equation 1 shows the intersection model for BLOS 

and Table 1 shows the resulting letter grades given to intersections once the analysis is complete.  

 

BACKGROUND ON CYCLIST INFRASTRUCTURE AND INCIDENTS IN WASHINGTON, DC 

Since 2001, the District Department of Transportation has added 89 miles of bike lanes to the city of 

Washington, DC.31 These additions take several forms: shared-use lanes, dedicated bike lanes, and protected cycle 

tracks. These efforts have been the result of an increasing rate of cycling in Washington and increased demand for 

safer infrastructure to travel around the city by bicycle in a less stressful environment.32 Figure 2 shows a map of 

Washington, DC’s existing bike lanes and point data representing all of the accidents between 2012 and 2019 

resulting in a cyclist fatality. Only two of these incidents occurred on roads with a bike lane; these are E Street NW 

and 18th Street NE, indicating a first look at the positive safety impacts of bike lanes. While fatalities are luckily 

rare, far more accidents result in major or minor injuries to a cyclist. Despite having a Vision Zero plan in place 

since 2015, Washington DC saw increases in traffic fatalities in 2016, 2017, and 2018, and there have been 112 

 
31 District Department of Transportation, “Bicycle Lanes.” 

32 Small, “Why Bikes Are Booming In Washington, D.C.”; District Department of Transportation, “Bicycle Lanes.” 

Equation 1: Dowling Intersection BLOS Equation 

Table 1: Letter Grade Distribution for Dowling model Score 
Results. Source: Dowling et al, 2008 
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traffic injuries in 2020 as of May 7th, 29% of which involved cyclists.33 It should be noted that the COVID-19 

pandemic has likely altered the rate of traffic injuries in Washington, DC in 2020. 

 

RESEARCH METHODOLOGY 

 This paper uses risk analysis to analyze the safety of current intersections in Washington, DC for cyclists. 

Investopedia defines risk analysis as “the process of assessing the likelihood of an adverse event occurring…”34 As 

previously discussed, Dowling et al. developed a model for bicycle intersection level of service. This paper will use 

the calculation for BLOS as a comparison assessment with the results produced from the risk assessment model 

proposed below due to notable differences in the factors assessed.35  The reason for this risk analysis is to 

 
33 District Department of Transportation, “DC VIsion Zero.” 

34 Hayes, “How Risk Analysis Works.” 

35 Sprinkle Consulting, Inc., “Bicycle Level of Service Applied Model”; Dowling et al., “Multimodal Level of 
Service Analysis for Urban Streets.” 

Figure 2: Map of Existing Bike lanes and Fatal Accident Locations. Source: Brooks 2020 adapted from DDOT 2019 
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determine the worst possible outcome based on the case environments and to propose how the risk can be 

mitigated. The comparison of these two models is made because the safety of road users, specifically vulnerable 

cyclists, is a fundamental factor affecting the level of service they experience on the route in question. Cyclists are 

vulnerable road users when sharing space with larger motor vehicles and ensuring cycling infrastructure promotes 

safe trips is a fundamental need in our urban areas today. By comparing the results from the two models, planners 

will not only understand BLOS, but also have insight into numerous factors that could be used to increase it.  

INTERSECTION SAFETY RISK ANALYSIS MODEL DEVELOPMENT 

The Intersection Safety Risk Analysis (ISRA) developed for this paper is conducted using a model with the 

following factors presented below. The factors are then given a score of one to maximum for the intersection 

based on their presence and prominence. Higher scores result in better grades and factors that are more critical to 

cyclist safety allow for higher scores than others; for example, speed limit is scored on a scale of 1 – 5 while 

pavement quality is scored on a scale of 1 – 3. The scores for the factors were developed based on 

recommendations from NACTO’s 2014 Urban Bikeway Design Guide.36 The scores were developed in consultation 

with Professor Daniel Rathbone of Georgetown University and numerous measures are included to ensure the 

collection of as much information as possible about the safety factors present at each location as well as the 

characteristics of vehicular travel along the roads.  The factors include the following: 

• Number of Motor Vehicle Lanes: The number of lanes for motor vehicles is considered for the 

impact that multiple lanes have on driver behavior as well as the additional difficulty multiple 

lanes cause for cyclists attempting to make left turns. In multiple lane scenarios, drivers must 

manage their lane space amidst not only vehicles in front of them, but also the potential for 

merging vehicles on either side and splitting directional observation time. 

• Motor Vehicle Lane Width: This factor is included because recent studies have shown that wider 

lane widths are strongly correlated with higher vehicle speeds. 

• Bike Lane Width: This is considered as it is extremely important to provide adequate dedicated 

space for cyclists to maneuver around obstacles and feel they are a comfortable distance from 

vehicles. 

 
36 National Association of City Transportation Officials, Urban Bikeway Design Guide, Second Edition. 
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• Distance from Curb to Bike Lanes: This is included primarily for the case of unprotected bike 

lanes. Appropriate distance from the curb to the inside line of a bike lane is essential to ensure 

cyclists can avoid doors that are opened in adjacent parking lanes. 

• Bike Lane Protection: This factor can dramatically change a cyclist’s experience as unprotected 

bike lanes can be blocked by vehicles and buffer zones provide extra space for mistake 

correction. Enforcement of bike lane regulations is key to ensuring unprotected lanes remain 

clear for cyclists’ use.  

• Separate Traffic Signals: Separate signalization can increase safety by ensuring that turning 

vehicles cross the intersection at a separate time from through-cyclist traffic.  

• Pavement quality: Minute imperfections in road surface have an outsized effect on bikes and 

large unexpected changes in the pavement can cause a cyclist to fall.  

• Obstacles in Bike Lane: Similar to pavement quality, this factor specifically relates to roadway 

elements that could be smoothed or removed, such as manholes.  

• Intersection Crossing Markings: These markings provide a clear visual cue to drivers that a bike 

lane crosses the intersection and allows them to be more aware of the need to look for cyclists 

before making a turn. 

• Visibility of Cyclists: Drivers must have a clear view of the bike lane approaching an intersection 

to check for cyclists before making a turn.  

• Curb Radii: Smaller curb radii reduce the speed at which a car can safely make a turn. Especially 

in dense urban areas, slowing turning traffic makes crossings safer for pedestrians and cyclists.  

• Signage About Bike Lane Through-Traffic: Signage alerting drivers to the presence of a bike lane 

or their need to yield to bikes adds an extra layer of awareness of a bike lane to those driving.  

• Speed Limit: Slower speeds dramatically increase a driver’s observation of the space around 

them and decrease the distance required to stop a vehicle. Once again, regulations placed upon 

road users must be enforced to ensure the safety provided by them is actually realized.  

 The ISRA model will result in a score of up to 50 points, which is then doubled to result in a score out of 

100. These scores correspond to a letter grade for the intersection based on the results in Table 2. Considering 

most bike lane intersections will have some of these factors, few will have all of them. The grade ranges were 

therefore assigned similar to academic grading scales, with grades of A and B being quite difficult to attain, C and D 

representing more common intersection safety levels that could be improved, and F and FF suggesting that 

improvements must be made immediately.  
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   Table 2: Letter Grades for ISAR Model Score Results 

Letter Grade Score Range 

A 90 – 100 

B 80 – 89 

C 70 – 79 

D 60 – 69 

F 50 – 59 

FF  Less than 50 

 

Using the cycling infrastructure classifications mentioned in the introduction of this paper and the 

intersection rating system (see previous page), this paper examines one intersection from three distinct 

environments in Washington, DC: one along a cycle track, one along a traditional bike lane on a lower volume road, 

and one that represents a combination of the two on a high volume road. The results of the analysis will be 

compared to the letter grade results of the Dowling model for BLOS to assess discrepancies between the two 

rating systems. Finally, these comparison results will be used to recommend improvements to the case 

intersections and in so doing reduce risks to cyclists. The findings for each intersection are shown in Table 7 of the 

Appendix while the scores for each factor and grade results are shown in Table 8 of the Appendix. 

RESEARCH FINDINGS 

THE CYCLING NETWORK 

The cycling network of Washington, D.C. as a whole is mostly limited to the downtown core and its 

immediate surroundings. Figure 3 shows the density of bike lanes across the city. The numbers represent classes of 

density with 1 being the least dense and 10 being the densest. Wards 7 and 8, east of the Anacostia River, have a 
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total of 7 bike lanes. This results in a highest density of 4 lanes per square mile compared to areas in Wards 2 and 

6, which can have a bike lane density of over 13 per square mile. For this reason, the three cases selected for 

analysis fall within a limited geographic area of the city but represent most of the bike lane styles in the city.   

 

PLANNED IMPROVEMENTS 

 The District Department of Transportation has 38 projects and 26 miles of bike lanes slated for 

construction by the end of 2022.37 This is part of a significant push to increase Washington’s cycling infrastructure. 

Despite this plan, there remain sections of the city that lack bike infrastructure as well as missing connections 

between existing routes. The DDOT Proposed Protected Bike Lane Additions Through 2022, seen in Figure 4, does 

not show any proposed plan to increase the number of lanes in Wards 7 and 8 nor a proposal to connect existing 

lanes with those west of the Anacostia River. The existing bike lanes in Ward 3 and Ward 5 are also not connected 

to the downtown bike lane network through on-street dedicated bike lanes, reducing the usefulness of the existing 

 
37 Chaffin, “DC’s Bike Lane Plan Reflects Political Calculations and Exploitation.” 

Figure 3: A Map of Bike Lanes in Washington, D.C. Including Density Analysis. Source: Brooks 2020, adapted from DDOT, 2019 
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lanes for many demographics of possible cyclists. Such disconnectivity can at best require cyclists to make long 

detours to avoid mixed traffic or high-volume roads and at worst “discourage cycling altogether.”38  

 

THE FIFTEENTH STREET NW CYCLE TRACK 

One existing piece of infrastructure is the 15th Street cycle track, implemented in 2010, which represents 

the first “spine” of protected bicycle infrastructure in the core of Washington, DC.39 The cycle track runs south 

along 15th Street NW, which is classified as a minor arterial road, from the intersection of Columbia Road, NW to 

Lafayette Square. It is configured along the west side of 15th Street and protected from traffic by a section of paint 

 
38 Schoner and Levinson, “The Missing Link,” 1191. 

39 Metro, “D.C.’s Oldest and Most Popular Protected Bike Lane Has ‘Highest Injury Risk,’ Study Says.” 

Figure 4: Draft Plan for New Protected Cycle Track Construction in Washington, DC. Source: DDOT Draft Protected Bike Lane Development 
through 2022 
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and flex-posts, see Figure 5.40 Along the northern section of the track, above Massachusetts Avenue, vehicular 

traffic on 15th Street runs one-way northbound. South of Massachusetts Avenue, 15th Street traffic flows in both 

north and south directions. The lane began as a southbound only track, resulting in its west side configuration, but 

when the city decided to make the lane bidirectional, it opted to add the northbound lane to the existing west side 

of the street.  

The ISRA for this cycle track segment takes place at the intersection of 15th Street NW and R Street NW. A 

table of the following findings can be found in Table 7 in the Appendix. There are two through-vehicle lanes and 

one left turn only lane at this intersection. The lane closest to the bike lane is 10 feet wide, while the bidirectional 

bike lane is 8 feet wide, meaning its width for the analysis is considered 4 feet wide. The bike lane is protected with 

a buffer zone and flex-posts, but the flex-posts approaching and exiting the intersection were removed sometime 

in 2018 and have yet to be replaced, see Figures 6 and 7. The speed limit is 30 miles per hour for vehicles, but 

 
40 “Functional Classification Map.” 

Figure 5: View of the 15th Street Cycle Track 
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there is a separate signal phase for vehicles turning left across the bike lane. The pavement quality is satisfactory; 

however, there are five manholes in the intersection zone dedicated to the bike lane and there are no bike lane 

markings that continue through the intersection. Visibility of a cyclist in the bike lane is high from the average 

personal vehicle due to a bump-out of the bike line approaching the intersection. Signage is present to warn bikes 

to yield to pedestrians in the crosswalk allowing for moderate driver awareness of the bike lane. Curb radii are 

13.2 feet thanks to the strict grid system of roads in this neighborhood.  Due to these factors the intersection of 

15th Street NW and R Street NW receives a score of 70/100 and a C letter grade, while the Dowling model resulted 

in a B letter grade for this intersection. 

THE FOURTHEENTH STREET NW BIKE LANE 

Between Thomas Circle NW and Aspen Street NW, 14th Street has a bicycle lane that was installed in 

segments between 2002 and 2016.41 From Thomas Circle NW to U Street NW, the major study area of this paper, 

14th Street is classified as a principle arterial and receives a B rating for BLOS according to the Dowling model.42 The 

District Department of Transportation is currently finishing a major reconstruction of the street, which has also 

 
41 “Bicycle Lanes - ArcGIS.” 

42 “Functional Classification Map.” 

Figure 6: 15th Street Cycle Track at R Street with Missing Flex-Posts Figure 7: 15th Street Cycle Track with Flex-Posts as Designed 
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resulted in the alteration of the bike lanes between Thomas Circle NW and Florida Avenue NW.43 Along this stretch 

of the road, cyclists are allotted a designated bike lane between the outside travel lane and the parking lane. One 

of the new features installed with the current roadworks are bus islands allowing the bike lane to travel between 

the curb and bus stop to avoid cyclists coming into conflict with buses stopping for passengers.44 This is a very 

construction-intense solution to transit and cyclist conflicts, and it is present at the analysis intersection of 14th 

Street NW and P Street NW. 

The findings in this section can be found in Table 7 of the Appendix. The analysis intersection occurs with 

two through lanes in either direction and a bike lane between the parking lane and right-most travel lane. The 

speed limit is 25 miles per hour with travel lanes 11 feet wide, a 5-foot bike lane, and the bike lanes are an 

acceptable distance from the curb at 13 feet. The redesign does not include separate signal phases for cyclists and 

only 8 months after installation were the bike lane markings continued across intersections. In fact, the lane 

crossing markings were installed sometime between the initial analysis visit to the intersection in February and the 

second visit, during the reduction in traffic caused by the Coronavirus pandemic. Seen in Figure 8, cyclists are 

obstructed from drivers’ view approaching the intersection behind the bus islands. However, the protection the 

islands provide from conflicts with vehicles and transit on approach to the intersection means this intersection 

received the permanent barrier score for bike lane protection. Similar to the 15th Street cycle track, signage 

includes “bikes yield to pedestrians” making the likelihood of cyclists being present marginally known to a driver. 

There are no obstacles in the bike lanes at this intersection, with all manholes flush with the ground. The curb radii 

are 17.1 feet and the bus islands are extended to further increase the need for drivers to slow to make a turn. Due 

to these factors the intersection of 14th Street NW and P Street NW receives a score of 66/100 and a D letter grade.  

 

 
43 DDOT, “14th Street Project.” 

44 “Bicycle-Bus Conflict Area Study”; DDOT, “14th Street Project.” 
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It should be noted that additional concerns regarding the changes on the new road design include 

pedestrian incursions due to unfamiliarity with the bike lane traveling behind the bus stops and vehicular stopping 

and standing in the bike lane to access storefronts along the busy commercial corridor. Figure 9 shows an example 

of the multiple vehicle incursions often encountered along 14th Street that force cyclists to swerve into the travel 

lanes. This example is particularly egregious, as there is ample curb space next to the Bud Light truck for it to have 

not blocked the bike lane, and it speaks to driver and delivery personnel’s general disregard for the impact they 

have on cyclists in Washington, DC. On numerous rides along the one-mile redesigned portion of the road prior to 

the coronavirus shutdown, the author experienced one ride with less than four instances of the bike lane being 

obstructed and considered it a lucky ride. This indicates a lack of enforcement, which is a necessary component to 

the successful use of traditional, unprotected bike lanes.  

Figure 8: Bus Islands Included in New 14th Street Bike Lane Design 
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THE FOURTH STREET NE/SE BIKE LANE 

The final bike lane case that will be investigated is on the collector road of 4th Street NE/SE between 

Florida Avenue NE and M Street SE.45 The bike lane takes two forms along this road: a bidirectional protected lane 

north of M Street NE and a one-way unprotected lane south of M Street NE. Vehicular traffic on 4th Street NE/SE 

have one travel lane southbound and parking allocated along both curbs of the road. With an average daily traffic 

of 4,062 vehicles, the Dowling model rated the 4th Street study intersection a B, or highly compatible for cycling. 

However, certain intersections remain problematic when examined more closely. Figure 10 shows the study area 

 
45 “Functional Classification Map.” 

Figure 9: Two Examples of 14th Street Bike Lane Blocked by Commercial Vehicles 
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just south of Pennsylvania Avenue, where 4th Street reaches a five-way intersection with North Carolina Avenue 

and Seward Square SE. The red points denote three accidents involving a cyclist that have occurred either in the 

intersection or on the two approaching blocks since 2012. 

A table of the following findings can be found in Table 7 of the Appendix. A site visit to the intersection 

shows several issues. A speed limit of 20 mph for vehicles is a positive in this case, as is the fact that there is only 

one vehicular through-lane. However, the travel vehicular lane is wider than recommended and the bike lane is 

narrower than recommended by NACTO. As seen in Figure 11, the northwest corner of 4th Street and North 

Carolina Avenue is obtuse in shape, meaning that cars can accomplish the turn at much higher speeds, which also 

involves crossing the bike lane. This issue is taken into account in the ISRA model with the curb radii factor. The 

bike lane markings on 4th Street are faded to the point that they are barely discernable to a stopped observer, 

which means their presence could easily be missed by a driver traveling along the street. The cyclist icons and 

arrows are faded as well, making attempts to judge distance from parked vehicles more difficult for cyclists. There 

are no bike lane markings that continue through the intersection. There is not a separate turn signal for cars to 

cross the bike lane and the pavement quality crossing the intersection is satisfactory, with numerous small cracks. 

The lane was laid out with two manholes as obstacles directly prior to entering the intersection and a further third 

manhole directly after exiting the intersection. Visibility of a cyclist in the bike lane is satisfactory from the average 

Figure 10: Aerial View of the Intersection at 4th Street and North Carolina Avenue SE. Source: Google Maps 
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personal vehicle, but the lane dimensions could make it more difficult for a heavy vehicle driver to see a cyclist. 

Signage is present to warn drivers to yield to pedestrians in the crosswalk, but no specific signage alerts drivers to 

the presence of a bike lane. Due to these factors the intersection of 4th Street SE and North Carolina Avenue SE 

receives a score of 52/100, an F letter grade. 

ANALYZING CYCLIST SAFETY 

BLOS MODELS 

The case intersections studied represent a cross section of the available dedicated bicycle facilities in the 

city of Washington DC. The 15th Street cycle track represents a parking protected and separated cycle track, while 

the bike lanes on 14th Street NW and 4th Street SE represent unprotected bike lanes along two distinct 

Figure 11: The Northwest Corner of 4th Street and North Carolina Avenue, SE has a 
Curb Radii of 25.4 Feet 
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classifications of roadways. Table 3 shows the results from the intersection model developed in the Dowling 

Report and which is widely used in planning practice to determine BLOS. It gave all three of these intersections the 

same letter grade, B. The ISRA model developed in this paper resulted in different letter grades for each 

intersection than the Dowling model, all of them lower than the Dowling grades.  

      Table 3: Chart of Results from the Dowling and ISRA Models for the Case Intersections 

Intersection Dowling BLOS Model ISRA Model 

15th and R St NW B C 

14th and P St NW B D 

4th and NC Ave SE B F 

 The Dowling model considers four factors in detail, all of which are important to the BLOS of an 

intersection. However, as the most mixing of cyclists and vehicular traffic occurs at intersections, the safety 

infrastructure for cyclists in these areas is paramount. This is where the Dowling model fails. The first variable 

included in the model is “total width of the outside through lane and bike lane (if present).”46 It makes logical 

sense that increasing lane width would provide more space for both cyclists and cars, but this paper contends that 

the decision to lump these two distinct lane widths together is misled. While a wider vehicle lane would provide 

more room for a cyclist on a roadway with no bike lane, it is actually a negative, especially when a dedicated bike 

lane is present, as the extra space devoted to motor vehicles encourages faster driving. While the body of 

literature supporting this has largely developed in the years since the publication of the Dowling report, this paper 

still takes issue with the logic of combining the two-lane widths rather than including them both for a more 

detailed understanding of the location.47  

 

 

 
46 Dowling et al., “Multimodal Level of Service Analysis for Urban Streets,” 83. 

47 Karim, “Narrower Lanes, Safer Streets,” 13. 
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SAFETY FEATURES 

The ISRA model suggested in this paper is not only meant to provide a useful, easily calculated grade for 

intersections, but also to highlight the fact that small improvements in safety infrastructure can result in a large 

improvement in cycling safety. The road alterations required to improve a grade under the Dowling model would 

be a very capital intensive and lengthy process. Instead, small changes such as the installation of flex-posts or 

added signage regarding the presence of a bike lane can have a large effect on the score from the model suggested 

in this paper. However, to improve an intersection rating into the highest grades, more significant changes would 

have to be made to the road’s dimensions, signaling, and curbs. This highlights the fact that in many US cities, not 

enough emphasis is being placed on making bike lanes feel as if they were designed for cyclists first, nor on 

regulations to improve drivers’ understanding of cyclists’ needs and rights on the road. These are the concerns that 

have led to the claims that the 15th Street NW cycle track is narrower than it should be in order to preserve three 

travel lanes for cars and that drivers are not knowledgeable enough to slow and look for cyclists when making 

turns on 14th Street, NW.  

RECOMMENDATIONS FOR CASE INTERSECTIONS 

Despite the popularity of the 15th Street cycle track with the cycling community, there are issues with the 

route. In a move some claim was to squeeze the track in with the least amount of road diet to vehicles, the cycle 

track was made bidirectional by adding a northbound bike lane on the same side of the street as the southbound 

lane.48 This resulted in a less safe design than the norm of placing the northbound lane on the northbound side of 

the street. The bike lane travels across numerous alley entrances with little visibility for cars attempting to enter 

the street or those turning into the alley through the row of parked vehicles. Higher numbers of unsignalized 

crossings and driveway entrances have been found to increase the likelihood of a bicyclist having an accident.49 

Such an accident occurred at the intersection of 15th Street and an alleyway between M Street NW and L Street 

 
48 Metro, “D.C.’s Oldest and Most Popular Protected Bike Lane Has ‘Highest Injury Risk,’ Study Says.” 

49 Pulugurtha and Thakur, “Evaluating the Effectiveness of On-Street Bicycle Lane and Assessing Risk to Bicyclists in 
Charlotte, North Carolina,” 34. 
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NW.50 The Federal Highway Administration warns of the issue of driveway frequency along this specific type of 

cycle track in its February 2019 bikeway selection guide and notes that proper distance must be allowed between 

the cycle track and the driveway/alley entrance for cyclists to be visible to drivers.51 This potential problem is 

reflected in the 82 accidents involving cyclists that have occurred on 15th Street since 2012.52   

Table 4 shows the recommendations discussed in this section. The first step DDOT should take is 

beginning a study on the possibility of switching the northbound lane of the 15th Street cycle track to the east side 

of the street. This will remove one direction of bicycle traffic that must be observed by cars crossing the lane and 

provide the potential to increase the width of the bike lanes to the recommended five-foot minimum.53 

Additionally, improving the lane markings across intersections and alley entrances with the US standardized bright 

green paint representing bike lanes would add a significant alert to drivers to look for cyclists. DDOT must also 

improve its post-construction inspections of sites to ensure that segments of city property that were temporarily 

adjusted are replaced/repaired, as is the case with the missing flex-posts at 15th Street and R Street NW. This a 

particularly aggravating problem as it prevents the good design work of planners from providing the intended 

safety benefits. An even better solution would be to continue the trend of placing cement blocks in the place of 

flex-posts, which started with the extension of the 15th Street cycle track in 2016. As seen in Figure 12, this will 

provide a more substantial impediment to cars and a more permeant protection for cyclists. Finally, more 

attention should be paid by DDOT to the locations of manholes when planning new bike lanes as these appeared in 

all of the case bike lane intersections, and, regardless how smooth the pavement is made around them, it will 

eventually become uneven.  

 
50 Johnson, “Opinion | Ignorance Is Not Bliss for the Safety of D.C. Bicyclists and Pedestrians”; Brooks, “Bike Lane 
Density in Washington DC.” 

51 Schultheiss, “Bikeway Selection Guide.” 

52 “Crashes in DC.” 

53 National Association of City Transportation Officials, Urban Bikeway Design Guide, Second Edition. 
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Table 4: Recommendations for the Intersection of 15th Street at R Street NW 

 Table 5 displays the recommendations discussed in the following section. In the case of the 14th Street 

bike lanes and streetscape redesign, praise should be extended to DDOT for developing a plan that aggressively 

institutes numerous Complete Streets principles, including pedestrian islands, curb extensions, and bus islands. 

Upon experience with the new bike lanes however, there are still issues to be resolved. Notably, this was a major 

15th Street at 
R Street NW 

DDOT should 
assess the 

feasibility of 
moving the 

northbound lane 
to the east side 

of the street 

The width 
of the bike 
lane should 

be 
increased 

to 5 feet at 
the 

minimum 

Lane markings 
across 

intersections 
and alleyways 

should be 
installed and 

color should be 
added/improved 

Inspections of 
safety 

infrastructure 
muse be 

improved to 
prevent 

missing/removed 
flex-posts 

The use of 
permanent 
barriers is 

recommended 
for better 

separation of 
bike lanes 

from vehicles 

More 
thought 

should be 
given to 

the 
location 

of 
manholes 

when 
planning 

bike 
lanes 

Figure 12: A Segment of the 15th Street Bike Lane with Cement Protection 
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redesign of a high-volume road, and Figure 13 shows how easily the bike lanes along this corridor could have been 

switched with the parking lanes to create a truly protected bike lane. This was the perfect opportunity to install 

such a lane, with the road already under significant construction, and represents a missed opportunity for 

Washington, DC. It also represents a perfect corridor for such a lane due to the near constant vehicle incursions 

that occur for access to the numerous commercial storefronts. Instead, the city will now have to deploy significant 

enforcement personnel to the area to dissuade drivers from standing or parking in the bike lane. A substantial 

improvement could still be made to the current arrangement by widening the bike lane slightly. With cars 

continuing to increase in size, an increase from five to six feet in bike lane width would give cyclists the extra room 

to avoid the opening of a parked car’s door without having to swerve into the travel lane.  

The largest issue found at the 14th Street intersection relates to the bus islands. While the islands provide 

a distinct positive in separating cycling traffic from transit and cars, they should have been installed after an 

intersection, as in Figure 14, not immediately before. This would prevent the current limited visibility of cyclists 

entering the intersection from behind a bus stop as well as prevent the extra danger of cars attempting to drive 

around a stopped bus to make a right turn. This paper recognizes that in certain circumstances this proposed 

solution has the potential to lead to traffic problems. However, the severe safety issue created by the current 

Figure 13: A Rendering of the 14th Street Bike Lanes as a Protected Cycle Track with New Bus Islands. Source: Hurley, Good Try 
14th St. 
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arrangement is a worse result and, in this case, 14th Street is a multi-lane road for vehicles, which prevents the 

negative effect of a stopped bus after an intersection causing traffic to block that intersection. Finally, the bike lane 

markings that were recently installed should be made more prominent with green coloring to aid in driver 

awareness of the bike lane at this intersection.  

 

Table 5: Recommendations for the Intersection of 14th Street and P Street NW 

14th Street at P Street NW 

The city must aggressively improve 
enforcement of the 14th Street 

bike lanes as they are an 
unprotected design 

The bus islands should 
be moved to 

placements after 
intersections not 

before to increase 
visibility of cyclists 

The bike lane markings 
only recently installed 
should be colored to 

increase driver awareness 
of the bike lane 

 

Figure 14: Bus island after intersection with a protected bike lane and colored 
intersection markings 
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In other cases, such as the 4th Street SE bike lane, the infrastructure has not been maintained to a proper 

standard. Table 6 presents the recommendations from this section. Figure 16 shows the near complete 

disappearance of the bike lane lines along certain segments of 4th Street SE, and while those at the case 

intersection are in slightly better condition than those in Figure 15, they are still in need of maintenance. As DDOT 

continues to add more miles of bike lanes to the city, it must ramp up its maintenance capabilities or risk 

developing a backlog of work that results in user deaths.  The most concerning element of the intersection at 4th 

Street and North Carolina Ave. SE is the large curb radii on its northwest corner, previously shown in Figure 11. It is 

recommended that a curb extension be installed to decrease the radii so vehicles must slow to make the turn. This 

alteration will also decrease the time it takes a pedestrian or cyclist to cross the intersection, which is currently 

very wide. Intersection crossing marking should also be added due to the intersection crossing distance seen in 

Figure 16. Finally, especially where there are not separate traffic signals for bikes and turning vehicles, the District 

should install more signage directed toward vehicles that alert them to the presence of a bike lane. The example at 

4th Street and North Carolina Avenue that alerts drivers to pedestrians is a reasonable start, but cyclists travel 
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much faster than a pedestrian and require a different amount of alertness and care to identify. Such signs could be 

a  simple addition that go a long way toward cyclist safety.  

Table 6: Recommendations for the Intersection of 4th Street at NC Ave, SE 
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distance pedestrians 
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presence of the 
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intersection 

crossing 
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Figure 15: Faded Bike Lane Lines on 4th Street Figure 16: The Large Crossing Distance of North Carolina Avenue 
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RECOMMENDATIONS FOR PLANNERS AND CITIES 

DESIGN GUIDEBOOKS 

The above recommendations are intended to be a guide for improving intersections with lacking 

infrastructure, but cities must also ensure that future bike lane designs are as safe as possible upon their 

installation. Design guidebooks for bike lanes, such as those issued by NACTO and AASHTO, can be an asset to 

planners and engineers. Nevertheless, revising plans to follow them completely and without consideration for each 

individual case can result in significant alterations to a design that could have been more functional and safer 

based on its context.54 The built environment does not exist in a vacuum and each situation comes with its own 

surroundings and external circumstances. Design guides provide recommendations that should be considered and 

selectively added to plans based on their applicability. Planners must alter the common practice of defaulting to 

the guide, especially if this is done simply because it provides a fallback should something with the design prove 

problematic. Similarly, transportation agencies should work to ensure innovative ideas and suggestions are 

encouraged, even if they result in a longer process or more effort to test feasibility.  

Design guidebooks also do not always agree with one another. For instance, some guides for unprotected 

bike lanes in the United States do not include a buffer zone between the parking lane and the bike lane.55 As 

previously mentioned, the increasing size of motor vehicles means open doors are able to extend up to 11 feet 

from the curb in some instances. The AASHTO guide recommends an unprotected bike lane have a width of 6-7 

feet and a minimum of 5 feet, while a parking lane should be a minimum of 7 feet wide.56 These design 

recommendations leave at least half of the bike lane susceptible to door openings under the best-case or 

recommended scenario. NACTO’s Urban Bikeway Design Guide requires slightly wider lane widths, which is one of 

the reasons that this paper based its model development on the latter guide’s recommendations.  

 
54 McCann, Completing Our Streets, 17. 

55 Schimek, “Bike Lanes next to On-Street Parallel Parking,” 73. 

56 American Association of State Highway and Transportation Officials, Guide for the Development of Bicycle 
Facilities. 
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DRIVER EDUCATION 

The issue of “dooring” exists in the United States in large part because drivers are not trained to be alert 

for cyclists using the roadway. It could be argued that bike lane safety infrastructure would be less necessary if 

drivers were cautious and understanding of cyclists, but as that is not yet the case, more work must be done. With 

increasing cycling mode share, cities must better educate drivers in the United States about cyclists. One example 

relating to the dooring problem is for drivers to know to check for cyclists when exiting a vehicle and even using 

the “Dutch-reach” method of opening a car door with the opposite hand. This forces the driver to look behind 

them and increases visibility of approaching cyclists.  

There are also issues with this general practice when a bike lane is not present. Forty-four American states 

have statutes in place that require a cyclist to keep as far to the right side of the roadway as is safe, resulting in a 

legal requirement that cyclists ride within the space where a door could open in their path.57 These regulations 

help to legitimize the belief of drivers that it is a cyclist’s responsibility to not block vehicular traffic. They also 

create further trouble for cyclists when a bike lane is present, as many follow the rule to ride on the left side of the 

bike lane arrow marking, bringing them closer to the travel lane in an attempt to avoid the possibility of an 

opening door. If cities in the United States want to continue the trend of increasing bicycle ridership, they must 

update their regulations and ensure drivers are being educated in their responsibilities to keep cyclists safe.  

CONCLUSION 

 Rates of urban cycling in the United States have been increasing for years and many cities have stepped 

up to develop infrastructure to support it. Washington, DC has worked to provide safe facilities for its cyclists to 

travel and has seen positive results in decreasing accident numbers, but more must be done. The Dowling BLOS 

model can give a general picture of bike lane Level of Service but is lacking in important aspects to truly assess the 

safety of an intersection. With cycling being a very vulnerable mode, safety must be included in a true Level of 

Service analysis. The ISRA model proposed in this paper is intended to provide this information and do so with a 

 
57 Schimek, “Bike Lanes next to On-Street Parallel Parking,” 75. 
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method that can be conduct by any interested party. The protected cycle track on 15th Street is widely popular 

with the cycling community but could be made immensely safer with both small and large design adjustments. The 

14th Street bike lane is a missed opportunity for DDOT but can still be a safe corridor with proper enforcement and 

education of drivers, while the 4th Street intersection with North Carolina Avenue is in dire need of an update to 

modern curb radii standards. 

  Cycling infrastructure in the United States has come a long way in a short time, largely thanks to design 

guidebooks that help planners to create safe spaces, but they are also becoming overly relied on, possibly 

preventing the best designs for a location coming to fruition. With a drive to improve safety, Washington, DC and 

DDOT are headed in the right direction. With aggressive support for novel design ideas, detailed analysis of bike 

lane segments and intersections, and maintenance of current infrastructure, dramatic improvements to the 

current situation can be made to promote the safety, comfort, and diversity of cyclists in Washington, DC.  

EPILOGUE: REFLECTIONS REGARDING NEW CALCULATIONS AND THE COVID-19 PANDEMIC 

Not only did the declaration of a state of emergency during the course of writing this paper affect the 

ability of site research to be conducted, but the novel coronavirus pandemic produces new calculations and 

realizations regarding the importance of bike lanes. Speaking to the British Parliament just weeks ahead of the 

pandemic, Chris Boardman a “former Olympian cyclist and the walking and cycling commissioner of Manchester, 

said: “Pick a crisis, and you’ll probably find cycling is a solution.””58 The quick global spread of the Coronavirus 

thereafter showed that his comments relate not only to climate change and public health, but also to safe and 

accessible transportation systems during a time of crisis. The city of Bogota, Columbia has raced to install 13 miles 

of temporary bike lanes overnight and has plans for many more miles to allow residents a mode for exercise that 

keeps distance between people, eases pressure on the public transportation system, and increases accessibility to 

essential services for those residing in food deserts.59 New York City is assessing the construction of two 

 
58 Laker, “In a Global Health Emergency, the Bicycle Shines.” 

59 Wray, “Bogotá Expands Bike Lanes to Curb Coronavirus Spread”; Laker, “In a Global Health Emergency, the 
Bicycle Shines.” 
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emergency cycleways to connect missing links in their current network for the duration of the crisis. This has been 

considered only after increases in cycling rates during the lockdown lead to injury rates surging 43%.60 As 

previously discussed, temporary cycleways can be installed quickly and cheaply, especially with the currently 

reduced number of vehicles on the road. These lanes could potentially be made permanent, where communities 

support the initiative, to encourage continued cycling rate increases after the time of social distancing. As the 

Coronavirus is already changing the ways in which we interact socially and professionally, it can also alter the way 

we view planning and urban transportation needs.61 Washington, D.C. should take this time to install temporary 

bike lanes in previously identified areas to support its residents through the weeks and months to come, whether 

or not they will eventually be made permanent.  

Additionally, cities must also recognize the new demands placed on the curb in the current decade. With 

the proliferation of On Demand Delivery Services and Ride-Sharing apps, Washington, DC, has established a Pick-

up and Drop-off (PUDO) zone project that allows vehicles to stand in specific curb spaces for a small amount of 

time. This project shows Washington is proactively working to ensure the curb is used in a more flexible and 

strategic way than just for private vehicle parking, an important step with the ballooning demands on curb space 

from numerous new entities and modes.62 While part of the thought behind these zones is the hope of preventing 

those same users from stopping in a bike lane, these zones result in high entrance and egress to the curb and 

therefore represent a potential hazard for unprotected bike lanes in Washington. Planners must ensure that new 

PUDO zones are not placed where they will cause conflict with bike lanes as they currently conflict with the 14th 

Street bike lanes near the intersection of U Street, NW.  

  

 
60 Reid, “Generously Fund Cycleways, Experts Say As Covid-19’s Spread Boosts Bicycle Use”; “De Blasio Says He Will 
Announce Safety Measures for Cyclists, Long After Other Cities Acted.” 

61 Hawkins, “There’s No Better Time for Cities to Take Space Away from Cars.” 

62 Baeillier et al., “The Shared-Use City: Managing the Curb,” 8. 
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APPENDIX 

 

Table 7: Report of Findings for Model Input 

Intersection 15th and R St NW 14th and P St NW 4th and NC Ave SE 

Number of Vehicle 
Through Lanes  
(One Direction)  

 
1 lane = 3 
2 lanes = 2 

3+ lanes = 1 

2 2 1 

Travel Lane Width 
Nearest to Bike Lane:  

 
< 10 ft = 4 

10ft - 10.4 ft = 3 
10.5 - 11ft = 2  

> 11 ft = 1 

10 Feet  11 Feet  12.5 Feet 

Bike Lane Width (One 
Direction): 

 
>= 6 ft = 4 

 5 ft - 5.9 ft = 3 
4 - 4.9 ft = 2 

>4 ft = 1 

4 Feet 5 Feet 3.5 Feet 

If unprotected lane 
with parking, Distance 

from Curb to Travel 
Lanes 

 
Protected = 4 
> =14.5 ft = 3 

14.4ft - 12.1 ft = 2 
< 12 ft = 1 

N/A 13 Feet  13 feet 

Protected Bike Lane 
Entering Intersection 

 
Permanent Barrier = 4 

Flexible Barrier = 3 
Paint Only w/ Buffer = 

2 
Paint Line = 1 

Flex-posts missing 
ahead of intersection, 

paint buffer only. Score 
3 for missing 
infrastructure 

Bike lane separated from 
traffic by bus island. Only 
occurs at bus stops and 

lane is unprotected 
otherwise. Score 2 for 

combination 

The bike lane is separated 
only by a white lane 

denotation line. Completely 
unprotected, score 4 

Separate Bike/Turn 
lane Signal 

 
Yes = 4 
No = 1 

Yes No No 
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Pavement Quality 
 

High = 3 
 Satisfactory = 2 

Poor = 1 

Pavement is in good 
condition with minor 
cracks and dips in the 
approaching bike lane 

and through the 
intersection 

Pavement is new and in 
very good condition 

Pavement is satisfactory with 
minor cracks and dips in 

intersection. Pavement in 
approaching bike lane is 
cracked and in need of 

replacement soon 

Obstacles in Bike Lane  
(Ex. manholes) 

 
None = 3 
Minor = 2 
Major = 1 

Five manholes are 
present along the bike 

lane through the 
intersection. They 

should be made more 
flush with the ground 

Several manholes are 
present in the bike lanes 

ahead of intersection 
entrance, but new paving 
means they are flush with 
the ground and therefore 
present minimal danger 

Three manholes are present 
in the bike lane and a large 

divot in the approaching bike 
lane presents a danger to 

cyclists.  

Intersection Crossing 
Markings 

 
Perfect & Color = 4 

White Lines = 3 
Faded = 2 

No = 1 

There is no sign of 
intersection crossing 

lane marking 

White dotted lane 
markings were added after 

the new lanes were 
installed and due in part to 

cyclists’ complaints. The 
lines lack green bike lane 

coloring 

There is no sign of previously 
installed bike lane lines 

through intersection 

Visibility of Cyclists 
Entering Intersection 

 
High = 4 

Satisfactory = 3 
Partial = 2 
Poor = 1 

High Poor High 

Curb Radii 
 

>15ft = 4 
15-18ft = 3 

18.1-21ft = 2 
>21.0ft = 1 

13.2 Feet 17.1 Feet 25.4 Feet 

Signage alerting 
vehicles to bike 
through traffic 

 
Yes = 4 

Cars yield to peds = 3 
Bikes Yield to Peds = 2 

No = 1 

Small signs direct 
cyclists to yield to 

pedestrians. These are 
smaller than the normal 

road signs for drivers, 
but do show a bike on 
the traffic signal of the 

intersection and 
therefore could 

moderately alert a 
driver to the likelihood 

of cyclist presence  

Small signs direct cyclists to 
yield to pedestrians. These 

are smaller than the 
normal road signs for 

drivers, but do show a bike 
on the traffic signal of the 
intersection and therefore 
could moderately alert a 
driver to the likelihood of 

cyclist presence  

There is a sign alerting 
drivers to yield to 

pedestrians when turning 
toward the bike lane 

providing some notice that 
drivers must yield when 

making a right turn 

Vehicle Speed Limit 
 

<= 20 mph = 5 
21 - 25 mph = 4 
26-30 mph = 3 
31-40 mph = 2  
> 40 mph = 1 

30 25 20 
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Table 8: ISRA Model Inputs for Case Intersections (Split for Ease of Reading) 
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Table 9: Table of Recommendations for Case Intersections 

15th Street at R Street NW 14th Street at P Street NW 4th Street at NC Avenue SE 

DDOT should assess the feasibility 
of moving the northbound lane to 

the east side of the street 

The city must aggressively improve 
enforcement of the 14th Street bike 

lanes as they are an unprotected 
design 

Maintenance of bike lane markings 
must be improved  

The width of the bike lane should 
be increased to 5 feet at the 

minimum 

The bus islands should be moved to 
placements after intersections not 

before to increase visibility of 
cyclists 

The large curb radii at the 
northwest corner should be 

reduced using a bulb-out design 
into the intersection 

Lane markings across intersections 
and alleyways should be installed 

and color should be 
added/improved 

The bike lane markings only 
recently installed should be colored 
to increase driver awareness of the 

bike lane 

The intersection distance 
pedestrians and cyclists must cross 
should be reduced using bulb-outs 

as well  

Inspections of safety infrastructure 
muse be improved to prevent 
missing/removed flex-posts 

 

More signage should be installed 
directing drivers to be alert for 
cyclists and the presence of the 

bike lane 

The use of permanent barriers is 
recommended for better 

separation of bike lanes from 
vehicles 

 
 Bike Lane intersection crossing 

markings should be added 

More thought should be given to 
the location of manholes when 

planning bike lanes 
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